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[57] ABSTRACT 

The invention comprises plasmids and viral vectors contain 
ing an animal p53as cDNA sequence. A portion of the p53as 
sequence may be identi?ed to a position of wild type p53 
gene from the same animal. In preferred embodiments, the 
p53as is mouse or human p53as. A preferred viral vector is 
baculovirus vector. The invention further includes antibod 
ies both polyclonal and monoclonal, to p53as and to at least 
a portion of human p53 intron 10 sequence encoding SLR 
PFKALVREKGHRPSSHSC which is related to p53as 
sequences and plasmids and viral vectors containing such 
sequences. All of the above ?nd utility in studying p53 and 
p53as and their relative expressions which is believed 
important for detection and control of malignant cells and 
their susceptibility to treatment agents. The antibodies can 
detect the presence of p53as and related sequences and when 
injected into cells could cause cell cycle arrest and the 
plasmids and viral vectors, with appropriate promotors, can 
cause expression of the p53as and p53 intron 10 sequences 
which can affect cell growth and perhaps arrest certain 
malignancies. 
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P53AS PROTEIN AND ANTIBODY 
THEREFOR 

BACKGROUND OF THE INVENTION 

This is a continuation-in-part of US. patent application 
Ser. No. 08/195,952 ?led Feb. 14, 1994 which is a continu 
ation in part of US. application Ser. No. 08/100,496, ?led 
Aug. 2, 1993. 

This invention was made with support from National 
Cancer Institute Grant NIH R01 CA 31101. The United 
States Govermnent may have certain rights in the invention. 
We have demonstrated previously that a wild type alter 

natively spliced p53 (p53as, for alternative splice) RNA 
exists in cultured cells and normal tissues at approximately 
30% of the major p53 RNA form (Han and Kulesz-Martin, 
Nucleic Acid Res, 20:1979-81, 1992). The predicted pro 
tein encoded by the p53as transcript di?ers from p53 protein 
in 17 C-terminal amino acids and is truncated by 9 amino 
acids due to alternative splicing of intron 10 of the wild type 
p53 gene. Using antibody to the 17 C-terminal amino acids 
to detect p53as protein, we have demonstrated the following 
points. p53as protein is an alternatively spliced product of 
the wild type p53 gene. First detected in mouse epidermal 
cells, it is present in non-transformed and malignant cells. 
Like its major counterpart, p53 protein, it is located in the 
nucleus. However, while p53 antigen activity is primarily 
found in cells at the G1 stage of the cell cycle and is thought 
to play a role in G1 arrest in cells following treatment with 
DNA damaging agents, p53as is found in cells preferentially 
distributed in the G2 phase of the cell cycle and in a “tail” 
of cells with >G2 DNA content. These properties of p53as 
protein were suggestive of cellular functions distinct from 
the major p53 protein. The well established ability of the p53 
protein to oligomerize and our ?nding of co-expression of 
p53as antigen activity with p53 in cells suggested potential 
for cooperation with p53 in its functions related to cell cycle 
control. This information is described in detail in the original 
patent application Ser. No. 08/100,496, ?led Aug. 2, 1993 
which is incorporated herein by refaence. 
The presence of the p53as protein in tumor cells and 

antibodies for its detection has applications in basic research 
on cell growth and ditferentiation. Presence of a homologous 
protein in human cells has applications in the diagnosis, 
prognosis and design of treatment strategy in human dis 
cases of growth and ditferen?ation such as cancer. The 
association with G2 suggests a functional role in G2 arrest 
and potential for gene therapy using the p53as coding 
sequence. 

BRIEF DESCRIPTION OF THE INVENTION 

This application provides further further support for the 
utility of wild type p53as expression from plasmids and 
vectors such as those described in application Ser. No. 
08/195,952. Fm'ther evidence is presented that p53as protein 
has “tumor suppressor” activity in mouse and human cells, 
activates transcription through p53 target sequences of 
mouse and human cells, and forms tetramers, a DNA bind 
ing form observed for the tumor suppressor gene p53as. This 
Application frn'ther claims the use of antibodies to human 
p53as for diagnosis of human cancers, the use of antibodies 
to human p53as for determination of prognosis of human 
cancers and use of antibodies to human p53as for determin 
ing a treatment plan for individual patient cancers. 
As described in the parent applications, the invention also 

comprises plasmids and viral vectors containing an animal 
p53as cDNA sequence. A portion of the p53as sequence may 
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2 
be identi?ed to a position of wild type p53 gene from the 
same animal. In preferred embodiments, the p53as is mouse 
or human p53as. A preferred viral vector is baculovirus 
vector. The invention further includes antibodies both poly 
clonal and monoclonal, to p53as and to at least a portion of 
human p53 intron 10 sequence encoding SLR 
PFKALVREKGHRPSSHSC (SEQ ID NO.1) which is 
related to p53as sequences and plasmids and viral vectors 
containing such sequences. 

All of the above ?nd utility in studying p53 and p53as and 
their relative expressions which is believed important for 
detection and control of malignant cells and their suscepti 
bility to treatment agents. 
The antibodies can detect the presence of p53as and 

related sequences and when injected into cells could cause 
cell cycle arrest and the plasmids and viral vectors, with 
appropriate promotors, can cause expression of the p53as 
and p53 intron 10 sequences which can affect cell growth 
and perhaps arrest certain malignancies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B show immunoprecipitation of proteins 
translated in vitro: FIG. 1A shows reactions for p53 and FIG. 
1B shows reactions for p53as, respectively. PAb421 is 
speci?c for the major p53 form only, andApAs is speci?c for 
p53as protein only. 10 pg of plasmid pBSp53as or pBSp53 
was linearized by BamHI and transcribed with 20 Units T3 
RNA polymerase. The in vitro translation was performed 
according to a standard protocol (Promega) by incubating 3 
pg RNA with 35 pl of rabbit reticulocyte lysate in the 
presence of 4 pl (40 pCi) 3SS-methionine for labeling of 
proteins. For co-translation of p53as and p53, an equal 
amount of each RNA was incubated with rabbit retimrlocyte 
lysate (Promega). Immunoprecipitation was performed by 
incubating 5 pl 3SS-labeled protein with 1 pg PAb421, ApAs 
or PAb246 at 4° C. overnight. Protein A-Sepharose 4B was 
then added with gentle mixing at 4° C. for 2 hr. After 
centrifugation, the pellets were washed three times with 
Net-gel buffer. The pellets were suspended in 2x sample 
bu?er containing 100 mM DI'I‘ and separated by electro 
phoresis in a 7.5% SDS-polyacrylamide minigel. The gel 
was enhanced, dried and exposed overnight to Kodak X 
?lm. Two lysate reactions are shown, p53 or p53as RNA 
see labels at top. Antibodies used to immunoprecipitate 
protein from each lysate reaction are indicated. 

FIG. 2 through FIG. 6 represent electrophoretic mobility 
shift assays (EMSA) of p53 and p53as proteins translated in 
vitro using the DNA probe sequence presented in Table 2. 

FIG. 2. p53as protein binds speci?cally and e?iciently to 
DNA. Binding of p53as protein translated in vitro (5 pl of 
250 pl reaction) to azP-labeled oligonucleotide (ng) in the 
presence of increasing amount of unlabeled wt p53 binding 
sequence (wt) or of mutated (mut) sequence (see [1] in 
Materials and Methods) demonstrates the speci?city of 
p53as protein for the p53 binding motif. 200 ng ApAs 
antibody to p53as can super-shift the binding complex. 200 
ng of pre-irnmune rabbit serum (Pre) and PAb42l (421) 
were used as controls. 

FIG. 3. p53as protein complex with DNA is shifted by 
anti-p53as (ApAs) and abrogated by anti-p53 antibodies 
PAb246 (246) and CM5 but not mutant conformation 
speci?c PAb240 (240). p53as protein was translated in vitro 
in reticulocyte lysates and assayed by EMSA for binding to 
32P-labeled probe in the absence of antibodies (—) or in the 
presence of PAb421, 200 ng PAb246 and rabbit polyclonal 
anti-p53 antibody CM5, or 200 ng ApAs. IgG2a (IgG), 
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pre-immune serum (Pre), and non-programmed reticulocyte 
lysate (Lys) were used as controls. 

FIG. 4. p53 protein requires activation to bind to DNA. 
There is no apparent binding to the z’zP-labeled probe by p53 
(lanes 2-6, 8-10) as compared to the non-programmed 
rabbit reticulocyte lysate (lane 1). A binding complex can be 
detected when 200 ng of PAb42l was included in the 
reaction (lane 7). 

FIG. 5. Interaction of p53as with p53 and its e?’ects on 
DNA binding activity of p53as. Equal amount of in vitro 
transcripted p53 and p53as RNAs were co-translated (AP) or 
translated individually and p53 (P) and p53as (AS) proteins 
were assayed for their DNA binding activities by EMSA. 
The co-translated proteins have lower DNA binding activi 
ties (lane 1) than p53as alone (lane 8). Two binding com 
plexes can be detected when 200 ng PAb 421 (lane 2) or 200 
ng PAb 421 plus ApAs (lane 4) were included in the 
reactions containing co-translated proteins, while only one 
binding complex appears as PAb 421 activates p53 DNA 
binding activity (lane 7). 200 ng ApAs did not cause any 
apparent supershift for co-translated proteins (lane 3). Two 
higher molecular weight binding complexes can be seen 
when ApAs was added to the reaction containing only p53as 
protein (lane 9). 

FIG. 6. Lack of interaction of p53as and p53 proteins 
mixed posttranslationally. Equal amounts of p53 and p53as 
translated in vitro were mixed and assayed for binding to 
32P-labeled oligonucleotide by non-denaturing polyacryla 
rnide gel electrophoresis (lane 1). 200 ng each of the 
indicated antibodies were added to the binding reaction. 

FIG. 7. Heteroligomers of p53 with p53as identi?ed by 
immunoprecipitation followed by immunoblotting. In vitro 
translated proteins were p53as (AS), p53 (P), cotranslated 
p53 and p53as (AP) or a mixture of p53as plus p53 trans 
lated individually (A+P) and non-programmed reticulocyte 
lysate control (Lys). The translated proteins (15 p1 each 
lysate, 30 pl for cotranslation) were immunoprecipitated 
with anti-p53 antibody PAb42l (421) rabbit antibody to 
p53as (ApAs), pre-immune (Pre) or Ig'GZa (IgG) controls. 
The immune complexes were fractionated on a 10% SDS 
polyacrylamide minigel, transferred to a nitrocellulose 
membrane and incubated with horseradish peroxidase 
conjugated ApAs for 1 hour. The p53as was visualized 
through chemiluminescence (ECL, Amersharn, Arlington 
Heights, 111.). 

FIG. 8A is a table showing percent distribution of p53as 
reactivity at various stages of insect cell cycles after infec 
tion with baculovirus vector containing the full length p53as 
cDNA. Insect cells arrest in G2 phase of the cell cycle after 
infection with the baculovirus vector. 

FIG. 8B is a graph showing p53as(—) distribution for 
insect cells. 

FIG. 8C is a graph showing p53as(+) distribution for 
insect cells. 

FIG. 9A is a table showing percent distribution of cells in 
various stages after being transfected with plasmid contain 
ing p53as cDNA and showing that transfected cells were 
preferentially distributed in the G2 phase of the cell cycle. 
The cells used are mouse squamous cell carcinoma cells 
which arrest in the G2 phase of the cell cycle after trans 
fection with a plasmid construct containing p53as cDNA. 

FIG. 9B shows distribution of ApAs/PE intensity vs. 
FITC intensity for mouse squamous cells. 

FIG. 9C is a graph showing p53as(—) for transfected 
mouse squamous cells. 
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FIG. 9D is a graph showing p53as(+) for transfected 

mouse squamous cells. 

FIGS. 10A, 10B and 10C show colony formation of 
Saos-2 cells transfected with CMV plasmids. FIG. 10A 
shows a control without a cDNA insect. FIG. 1013 shows a 
p53as cDNAinsect and FIG. 10C shows a p53 cDNAinsect. 
Plasmid containing p53as containing a CMV promoter 
(which drives expression of p53as in the target mammalian 
cell) is introduced into human osteosarcoma cells which lack 
p53 which stops tumor cell growth and reduces the number 
and area of colonies present in the culture dishes. This assay 
is commonly used to show tumor suppressor activity of 
various genes and p53 used as a control shows similar 
activity. thus wild type p53as acts as a tumor suppressor. In 
contrast, a plasmid containing an alternatively spliced 
mutant p53 sequence had transforming activity (Eliyahu et 
at., Oncogene 3313-321, 1988.). Tumor suppressor activity 
was found in human cells as well as mouse cells. Human 
osteosarcoma cell line Saos-2 was trans fected using lipo 
fectin (BRLO with 5 ng of the pCMV plasmids containing 
the p53 or p53 as cDNA indicated and a ncomycin resistance 
gene. Vector without the cDNA insert was used as a control. 
Forty-eight hours after transfection, cells were trypsinized, 
passaged at a 1:4 ratio and cultured in media containing 500 
pg/ml G418 for 3 weeks. Colonies were ?xed in methanol 
and stained with Giemsa and measured using an image 
analysis system (Spectra Services). 

FIGS. 11A, 11B and 11C show gel ?ltration pro?les of 
proteins translated in vitro. The in vitro translations were 
carried out as described in parent application Ser. No. 
08/195,952. p53as (FIG. 11A), p53 (FIG. 11B) and cotrans 
lated p53 and p53as (FIG. 11C) were fractionated by gel 
?ltration (FPLC) on a Superose 6 column (Pharrnacia) with 
column buffer (0.4M NaCl, 0.5% NP-20, 20 mM Tris-HCl, ‘ 
pH 7.2) at a ?ow rate of 0.4 ml/min. 0.4 ml eluant was 
collected in each fraction. the 35S-labeled proteins in each 
fraction were visualized by SDS-PAGE and autoradiogra 
phy. Black arrows indicate the predicted positions of tet 
ramers (4) and dimers (2) based on the positions of molecu 
lar weight standards, amylase (200 kd) and phosphorylase B 
(97 kd). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Materials and Methods for the DNA binding studies. 
Plasmids for in vitro transcription and translation of p53as 
and p53 proteins. 

Plasmids containing the cDNA sequence unique to p53as 
are included in this invention. One such plasmid is 
pBSp53as which contains full length alternatively spliced 
p53 cDNA. pBSp53as was constructed from p53 cDNA 
beginning at nt-111 of the (where 1 is the ?rstATG encoding 
methionine) and ending at nt 1539, cloned into the EcoRI 
and BamHI sites of pBluescript SK under the control of a T3 
phage promoter. The N-terrninal fragment of wt p53 was 
ampli?ed by reverse transcriptase/polymerase chain reaction 
(RT-PCR) from a mouse epidermal cell RNA template and 
the C-terminal fragment of p53as was ampli?ed by PCR 
from plasmid p6.4 (which contains an alternatively spliced 
p53 cDNA; Han and Kulesz-Martin, Nucl. Acids Res. 20: 
1979-81, 1992) using primers which contained a StuI 
restriction site at the 5'end of the sense primer 
(AGTCAGGCCTTAGAGTTAAAGGATGCCCATGC 
TACAGA) (SEQ 1]) No.2) 
and a BamHI site at the 5' end of the antisense primer. 
pBSp53 was made from pBSp53as by replacement of the 
StuI/BamI-II C-terminal fragment of p53as cDNA with the 
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StuIlBaml-II segment of wild type p53 cDNA from plasmid 
pLSVNcS 1 (ref. Oren). In particular, cDNA for the 
N-terminus of p53 (nt —111 to 1090) was made using 
template RNA from 291 nontransfonned epidermal cells by 
means of a reverse transcriptase reaction, ampli?ed by PCR 
and cloned into the EcoRI and Baml-II sites of pBluesciipt 
SK under the control of a T3 phage promoter to create 
plasmid pBSRS 13. The primers used for PCR were: sense, 
AQiTQ?AATl‘QQATI‘GGGACCAI‘CCI‘GGCI‘ (SEQ 1]) 
No.3), antisense, AQHKKEATQQI GGAGTGAGTGAGC 
CCF GCI‘GT CI‘ (SEQ ID No.4). These primers contained 
an EcoRI restriction site at the 5' end of the sense primer and 
a BamHI site at the 5' end of the antisense primer (denoted 
by underlining).The C-terminal p53 cDNA (nt1028 to 1539) 
was ampli?ed by PCR from plasmid p6.4 (which contains an 
alternatively spliced p53 cDNA) using primers which con 
tained a StuI restriction site at the 5‘ end of the sense primer 
(AGTCAGGCCI'I‘AGAGITAAAGGATGCCCATGCI‘AC 
AGA) (SEQ ID N02) 
and a BamHI site at the 5' end of the antisense primer (as in 
Han and Kulesz-Martin, Nucl. Acids Res. 20: 1979-81, 
1992). The StuI to BamHI segment of this PCR reaction 
product was then ligated to the Still and BamHI sites of 
plasmid pBSRS 13 to create plasmid pBSp53as, containing a 
full length alternatively spliced p53 cDNA. To construct 
pBSp53, the Still and BamI-II fragment from wt p53 cDNA 
was substituted for the Still and BamHI fragment of the 
p53as cDNA in pBSp53as. 

In vitro transcription and translation. 
10 pg of plasmid pBSp53as or pBSp53 was linearized by 

BamHI and transcribed with 20 Units T3 RNA polymerase 
for immunoprecipitation studies and DNA binding studies. 
The in vitro translation was performed according to a 
standard protocol (Promega) by incubating 3 pg RNA with 
35 ul of rabbit reticulocyte lysate. For 
irmnunoprecipitations, 4 ul (40 p Ci) 35S-methionine was 
used for labeling of proteins. For co-translation of p53as and 
p53, an equal amount of each RNA was incubated with 
rabbit reticulocyte lysate (Promega). 

Immunopreeipitation was performed by incubating 5 pl 
3SS-labeled protein with 1 pg PAb42l, ApAs or PAb246 at 
4° C. overnight. Protein A-Sepharose 4B was then added 
with gentle mixing at 4° C. for 2 hr. After centrifugation, the 
pellets were washed three times with Net-gel butfer. The 
pellets were suspended in 2X sample buffer containing 100 
mM HIT and separated by electrophoresis in a 7.5% SDS 
polyacrylamide minigel. The gel was enhanced, dried and 
exposed overnight to Kodak X ?lm. 'Iwo lysate reactions are 
shown, p53 or p53as RNA—-see labels at top. Antibodies 
used to irmnunoprecipitate protein ?'om each lysate reaction 
are indicated. 
For the DNA binding assay, 3 ug of sense RNA for p53 

or p53as was added to 35 ul reticulocyte lysate and adjusted 
to a total volume of 50 111 for translation in vitro. For 
cotranslations, half the mount of each RNA was used. An 
aliquot of 5 ul of translation mixture (or 2.5 ul each lysate 
for the mixing experiments) was incubated with 2 ug poly 
[d(I-C)] and 30,000 cpm (approximately 1 ng) of 3’2P-end 
labeled DNA probe in 20 111 DNA binding bulfer (0.1% 
Triton x-100, 4% glycerol, 1 mM EDTA, 5 mMUI'I‘, 20 mM 
Tris-HCl, pH 7.2, 80 mM NaCl) at 4 C. for 20 min. Where 
indicated, 200 ng of antibody was included in the reaction. 
Reaction products were separated on a 4 % neutral poly 
acrylamide gel in 0.5>(I'BE buffer. The gel was dried and 
labeled binding complexes were visualized by radioautog 
raphy. 
Results, p53as protein binding to DNA 
As presented in the original patent application, we sug 

gested that p53as protein would be active for binding to 
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DNA. DNA binding of the major p53 form is considered 
essential for its function as a cell cycle control gene. DNA 
binding is required for its activity as a transcription factor 
which controls the expression of other genes. The interaction 
of p53 with other proteins is of intense interest in the 
scienti?c community because such p53-associated factors 
may control the activity of p53 by affecting its binding to 
DNA. The data presented herein demonstrates that p53as 
protein binds to DNA, and that p53as and p53 protein 
associate with each other, suggesting that p53as is a newly 
discovered p53-associated protein. 
The p53as protein has lost basic amino acids but has 

retained acidic amino acids important for oligomerization. 
The sequence-speci?c DNA binding activity of p53as pro 
tein translated in vitro, separately, or cotranslated with p53 
protein, was studied in an attempt to answer the following 
questions: 1) does p53as protein, like the major p53 form, 
have sequence-speci?c DNA binding activity? and 2) does 
p53as protein interact with p53, modulating its ability to 
form a complex with DNA? 
To answer these questions, speci?c antibodies to p53 and 

to p53as proteins were used (Table 1). The speci?city of the 
antibodies was tested by competition with the p53as peptide 
as reported in the original patent application. Further evi 
dence for speci?city of the p53as antibody is reactivity of 
anti-p53as with p53as protein translated in vitro but not with 
the major p53 protein. The commercially available antibody 
PAb421 which is speci?c for anepitope lacking in p53as 
reacted with p53 protein translated in vitro but not with 
p53as protein (FIG. 2.) This ensured that these antibodies 
would not cross react with the two proteins in the DNA 
binding assays. Therefore, the ability of the anti-p53as 
antibody to shift a complex between in vitro translated p53as 
protein or p53+p53as cotranslated protein clearly indicates 
that p53as protein must be present in the protein/DNA 
complex. 

In order to answer the ?rst question above, electrophoretic 
mobility shift assays were performed using a 32P-labeled 
double-stranded oligonucleotide probe corresponding to the 
p53 binding sequence shown in Table 2. As shown in FIG. 
2, p53as protein translated in vitro gave a strong signal 
representing a shift from free probe (dark signal at bottom of 
?gure) to a higher molecular weight complex composed of 
protein and the labeled DNA probe. The p53as protein 
bound speci?cally to the p53 binding sequence, as shown by 
loss of the band with unlabeled competing DNA probe (wt) 
being included in the reaction but not with unlabeled oli 
gonucleotide corresponding to the mutated p53 binding 
sequence (rout). (Note that the ?rst weak band above the free 
probe is nonspeci?c). The identity of the shifted band as a 
complex containing p53as is shown by supershifting of the 
p53as/DNA complex by anti-p53as antibody (ApAs) but not 
by preimmune serum (Pre) or anti-p53 antibody PAb421. 
The supershift of p53as protein by ApAs resulted in two 
higher molecular weight bands. Further veri?cation of the 
ApAs reactive protein as a product of the p53 gene is 
provided in FIG. 3 by loss of the signal in the presence of 
anti-p53 antibodies PAb246 and CM5, which react with both 
p53 and p53as proteins. 

In contrast, the binding of the major p53 form to speci?c 
DNA binding sequences is ine?icient and requires adivation 
(Hupp, et al., 1992). FIG. 4 demonstrates that the major p53 
form translated in vitro is not active for DNA binding but 
required activation by PAb421. Activated p53 bound to 
DNA and resulted in a supershift of a single high molecular 
weight complex. 

Because p53 has been reported to self-associate to form 
oligomers, for example dimers and tetramers (Stenger et at., 
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1992), and because p53as has retained acidic amino acids 
but not basic amino acids important for dimer and tetramer 
formation, the DNA binding of p53 and p53as proteins, 
translated together or mixed after separate translation, was 
examined. As shown in FIG. 5, cotranslated p53 reduced the 
signal for DNA binding compared to p53as alone. This 
appears to be due to a direct association of p53 and p53as 
proteins because PAb421 antibody now resulted in a a 
supershift of two bands rather than the one obtained with 
p53 alone. 

In contrast to cotranslation of p53 and p53as proteins, 
mixture of lysates containing each protein translated indi 
vidually did not show inactivation of p53as by p53 protein 
for DNA binding, and PAb421 supershifted only one band, 
suggesting that p53 and p53as must be translated together 
for association to occur (FIG. 6). This is consistent with the 
report that oligomerization between human p53 and mouse 
p53 occurs when they are cotranslated, but not when mixed 
(Milner and Medcalf, 1991). 

In order to directly test the ability of p53 protein to form 
a complex with p53as protein, immunoprecipitation of 
cotranslated proteins was done using PAb42l and the immu 
noprecipitated proteins were resolved by denaturing gel 
electrophoresis, blotted and exposed to ApAs antibody. 
Proteins in complex with the protein irnmunoprecipitated by 
the speci?c antibody will also precipitate. Proteins not in 
complex will not The lower band in the irnmunoblot shown 
in FIG. 7 is the p53as band. These results indicated that 
cotranslated p53as and p53 proteins contain complexes of 
p53 and p53as immunoprecipitable by PAb42l and blotted 
by ApAs. A much weaker signal is generated in mixtures of 
p53 and p53as proteins translated individually, indicating 
that for stable complexes to form the proteins must be 
cotranslated. 
Summary and Interpretations of DNA Binding Studies 

p53as protein exhibited the antibody binding properties of 
wild type p53 protein, PAb246+, PAb240-, but lacked the 
C-terminal epitope reactive with PAb421. p53as protein 
translated in vitro was activated for binding to a p53 DNA 
binding sequence. The major p53 protein, in contrast, 
required activation for DNA binding (by monoclonal anti 
body PAb421). There appears to be a direct interaction 
between p53as and p53 proteins which in?uenced the com 
position of the DNA binding complex and the magnitude of 
DNA binding. Because cotranslated p53 protein inactivated 
p53as protein for DNA binding. and because two bands were 
super-shifted by PAb42l in lysates containing p53as and p53 
cotranslated proteins, compared to one band in lysate con- , 
taining p53 alone. These results could be explained by 
binding to DNA of p53as and p53/p53 as heterooligomers, in 
addition to the binding of p53. 
The signi?cance of these ?ndings is that they are consis 

tent with a functional role for p53as protein in cells, which 
may, at least in part, be distinct from the function(s) of the 
major p53 protein form. Considering that vectors and plas 
mids containing the p53 gene are being tested for applica 
tions in gene therapy, and considering the results herein that 
p53as is active for binding to a p53 binding sequence and 
that p53as interacts with p53, resulting in altered DNA 
binding, plasmids and vectors for the expression of mouse 
and human p53as in cells and for uses in gene therapy in 
humans are claimed herein. 
Cellular function of p53as 

In the original patent application the association of p53as 
antigen activity with cells distributed primarily in the G2 
phase of the cell cycle was presented. This was an important 
clue that p53as might have a distinct function compared to 
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8 
p53 protein. In order to examine whether p53as protein 
might have a direct role in cell cycle arrest, a DNA sequence 
containing the entire coding sequence of p53as was con 
structed. This sequence in dilferent from the p53 coding 
sequence, as presented in the original patent application, and 
is different from previously reported DNA constructs. Con 
structs containing the p53as cDNA were expressed in insect 
cells and in mammalian cells and e?ects on the cell cycle 
distribution of cells were evaluated. 
Materials and Methods for p53as expression studies 
Insect cells 

Methods were per manufacturers instructions (Invitrogen) 
and materials and included linear AcMNPV DNA and trans 
fer vector (e.g. pVL 1392, pVL 1393) and insect cell line S. 
frugiperda Sf9, propagated at 27 C. in Grace’s supplemented 
insect medium containing 10% fetal bovine serum (GIBCO) 
and 10 ug/ml gentamycin sulfate. pVLl393BGB53 bacu 
lovirus vector containing wt p53 cDNA was constructed by 
inserting the BglII/BamHI fragment of pLSVNcSl 
(including the entire wt p53 cDNA) into the pVL 1393 
vector. pVLl393Asp baculovirus vector (containing p53as 
cDNA) was constructed by replacement of the StuI/BarnI-II 
C-terrninal fragment of p53as cDNA (Han and Kulesz 
Martin, Nucl. Acids Res. 1992) with the BamI-lI/StuI frag 
ment of the pVL1393BGB53 vector (see above). To purify 
recombinant viruses, Sf9 cells were cotransfected with lin 
ear AcMNPV DNA and the transfer vector containing p53as 
and grown for 3 days. Recombinant viruses were identi?ed 
by plaque assays or serial dilutions. Alternatively, p53 and 
p53as baculovirus contructions will be cotransfected with 
linearized (PharMingen) virus DNA which allows propaga 
tion of only recombinant virus. Virus stocks which resulted 
in p53as expression in insect cells (assayed by immunob 
lotting using anti-p53as antibody) were expanded and used 
to infect insect cells for the ?ow cytometry studies. 

Baculovirus pVL1393Asp stock was added to insect cell 
cultures at 3X10l5 cells/60 mm dish. After several (2 to 4) 
days, cells were harvested by trypsinization and stained with 
anti-p53as antibody and analyzed by ?ow cytometry as 
detailed in the original patent application. 
Mammalian cells 
Plasmids Plasmids for expression of p53as in mammalian 
cells were constructed An example is given of the full 
length p53as cDNA under the control of a metallothionein 
promoter. However, other promoters which may increase or 
decrease expression in given cell types, such as the cytome 
galovirus promoter, will be used as appropriate. pmMTBGB 
containing the full length wild type p53 cDNA beginning at 
—67 nt (where nucleotide 1 is the ?rst nucleotide of the ?rst 
AT G codon) was constructed by replacement of the Bglll/ 
BamHI fragments of plasmid pmMTval53cG (from M. 
Oren) with the BglJI/BamHI fragment of plasmid pLS 
VNc51 noted above. The pmMTAsp plasmid was con 
structed by ?rstly, replacement of the XhoI/BamHI fragment 
of pmMTBGB with the XhoI/BamHI fragment of 
pVL1393Asp and secondly, introduction of a BamHI frag 
ment from plasmid BCMGNeo (Karasuyama and Melchers, 
1988) containing the splicing signals and polyA tail of the 
rabbit B-globin gene. 
Transfection 
Mouse squamous cell carcinoma cells (291.05RA'I‘) were 

plated in culture medium at 2 to 3X106 per 60 mm dish and 
transfected with plasmid pmMTAsp when 40 to 60% con 
?uent using Lipofectin (GIBCO BRL). 10 ug of plasmid 
diluted in 100 ul ddH2O was mixed with 30 ul Lipofectin 
adjusted to 1 ml with serum-free culture medium, incubated 
with the cell cultures for 20 hr, then removed and replaced 
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with culture medium with serum. 24 hr later CdCl2 was 
added to the cells to stimulate transcription of p53as mRNA 
from the plasmid DNA and enhance the expression of p53as 
protein. Two days later, cells were harvested by 
trypsinization, stained with anti-p53as antibody and ana 
lyzed by ?ow cytometry as described in the original patent 
application. 
Results of p53as expression studies 
Insect cells 

Approximately 12% of insect cells infected with the 
baculovirus vector containing p53as expressed p53as anti 
gen activity compared to 0% of insect cell controls lacking 
exogenous p53as cDNA. Insect cells expressing p53as pro 
tein were primarily in the G2 phase of the cell cycle or in a 
“tail” representing cells containing >G2 DNA content (FIG. 
8). Control insect cells were primarily distributed in the G1 
phase of the cell cycle. 
The signi?cance of these studies is likely to be relevant to 

cell cycle control in mammalian cells. Other cells which do 
not have the p53 gene have proven very useful for studies of 
the role of p53 protein in cell cycle control. For example, 
while yeast does not contain the p53 gene, studies of p53 in 
yeast have been done to take advantage of the knowledge of 
cell cycle checkpoints and cell cycle regulatory proteins 
gained using the yeast model. The studies in yeast have been 
very informative, since p53 protein behaves in yeast cells in 
a manner consistent with its cell cycle role in mammalian 
cells (Nigro et al., 1992; Bischo? et al., 1992). 
Mammalian cells 
As in the case of the insect cells, mouse carcinoma cells 

transfected with the plasmid containing p53as cDNA were 
preferentially distributed in the G2 phase of the cell cycle or 
in a “tail” representing cells containing >G2 DNA content 
(FIG. 9). 
Summary'and Interpretations of p53as expression studies 
These data indicate that expression of p53as by introduc 

tion into cells leads to accumulation of cells in the G2 phase 
of the cell cycle or exit from the cycle to a state in which 
DNA content is greater than G2 cells. A likely explanation 
for this is an arrest of cells within G2 and failure to undergo 
mitosis and proceed to the G1 or G0 phase of the cycle. 
Signi?cance of p53as expression studies 
These data are consistent with a checkpoint function of 

p53as at the G2/M phase of the cell cycle. Activity of p53as 
expression in causing cells to exit from the cell cycle would 
have useful applications in gene therapy of proliferative 
disorders such as cancer or psoriasis. 
Because human and mouse p53 proteins form complexes 

in cells, the construct containing mouse p53as cDNA is 
claimed for the purposes of gene expression in mammalian 
cells and nonmamrnalian cells for research purposes, includ 
ing human cells, and for gene therapy in humans. In 
addition, a puri?ed plasmid construct containing the human 
p53as homologue of mouse p53as, de?ned by insertion of 
human intron 10 sequences into a sequence containing Wt 
p53 DNA (as de?ned in original patent application Ser. No. 
08/100,486) is claimed for research purposes in mammalian 
and nonmammalian cells, and for gene therapy in humans. 
Table 1. shows reactivities of antibodies against p53 

proteins. Mouse p53 has 390 amino acids; human p53 393 
amino acids. All antibodies are mouse monoclonals com 
mercially available from Oncogene Science, Cambridge 
Mass., except ApAs rabbit polyclonal speci?c for p53as 
protein which was made in Dr. KulesZ-Martin’s laboratory, 
RPCI. Sources: Oncogene Science Catalogue, p. 8, 1992; 
Vajtesek et al., J. of Immunolog. Methods 151:237-244, 
1992, ‘Wade-Evans, A. and Jenkins, J. R. EMBO J., 
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4:699-706, 1985, "Gannon, EMBO, 9:1595-1602, 1990, 
“Stephen, C. W. and Lane, D. P., J. Mol. Biol., 5:577-583, 
1992 and dKulesz-Martin et al., Mol. C611. BioL, in press, 
March 1994. 

Table 2. shows p53 DNA Binding Sequences used for 
assay of p53as protein binding activity. 

Table 3 shows Activation of 50-2 Muscle Creatinin 
Kinase Reporter Plasmid by p53as in Mouse Cells. Spon 
taneously arising immortalized murine BALB/c embryo 
?broblast (l0) 1 is a p53 negative cell line which was 
transfected with 2 pg pSV-B-gal plasmid (Promegal), 3 pg 
50-2 plasmid (Dr. Levine) which contains 2 copies of a 50 
bp sequence corresponding to p53 binding site in muscle 
creatinine kinase promoter-enhancer upstream of a basic 
CAT reporter plasmid, and 5 pg pCMVp53as, pCMVp53r or 
pCMV vector control. Transfection was done using the 
calcium phosphate method The cells were harvested 48 hors 
post transfection and lysed by three freeze-thaw cycles. The 
supernatant was assayed for CAT activity using di?usion. 

Table 4 shows activation of PGBCAT Plasmid by p53as 
in Human Saos-2 Cells. The human ostoesarcoma Saos-2 
cells were transfected with 3 pg of PG13CAT plasmid, 
which contains 13 repeats of p53-binding site upstream of a 
CAT reporter gene with a basal promoter and 5 pg 
pCMVp53as plasmid, pCMVp53r or pCMV vector control 
plasmid. Transfection was done using the calcium phosphate 
method and the total transfected DNAper plate was adjusted 
to 10 pg with herring sperm DNA. The cells were harvested 
48 hours post-transfection and lysed by three freeze-thaw 
cycles. Cell debris was removed by centrifugation and the 
supernatant was assayed for CAT activity using the dilfusion 
method. 

Tables 3 and 4 demonstrate that p53as has transcriptional 
activity. Plasmids containing p53as, or p53 as a control, 
were introduced into mouse or human cells along with a 
plasmid containing a p53 binding site upstream of a reporter 
gene. The reporter was activated by p53as, with p53 as a 
positive control, but not by the vector without p53as. By 
comparison, the background activity of the reporter plasmid 
alone was low. The reporter sequences 50-2 and PCB are a 
promoter-enhancer sequence (Zambetti et al., Genes Dev. 6, 
1143-1152, 1992) and a consensus p53 binding sequence 
(Kern et al., Science 256, 827-830, 1992). p53 as was active 
on mouse (50-2) or human (PG13) p53 binding sequences, 
and in both mouse and human cells. > 

Table 5 shows Activation ot the WAF-l Promoter by 
p53as in Mouse Cells. Cells of mouse ?broblast line Dr. 
Levine (l0)l were transfected with 2 pg pSVCAT 
(Promega). 3 pg WWP-l (Dr. B. Vogelstein) which contains 
the WAF-l promoter upstream of a luciferase reporter gene 
and 5 pg of pCMVp53as, pCMVp53r or pCMV vector 
control were transfected using the calcium phosphate 
method. 48 hours later the cells were harvested and lysed in 
reporter lysis buffer (promega). The supernatant was assayed 
for luciferase activity using a LB9501 luminometer. 
Luciferase activity was standardized to CAI‘ activity. 

Table 5 demonstrates that p53as activates transscription 
from an endogenous promoter region of a growth inhibitory 
gene, WAF-l, cipl, sdi, p21 (El-Deiry et al., Cell 
75,817-825, 1993; Gu et at., Nature 366, 707-710, 1993; 
Harper et at., Cell 75, 805-816, 1993; Xiong et al.; Nature 
366, 701-704, 1993; and Serranto et al, Nature 366, 
704-705, 1993) recently reported to be a target gene of p53 
in ccells and a cell cycle control gene. The activity of p53as 
for the WAF-l promoter is therefore strong evidence that 
p53as has transcriptional activity in vivo for genes func 
tional in cell cycle control. 



5,688,918 
11 

The similarities between p53 and p53as are that both act 
as tumor suppressors, both activate transcription and both 
form tetramers which bind speci?cally to DNA. The differ 
ences between p53as and p53 are that the p53 protein ia 
activated under conditions in which p53 requires activation, 
p53as is associated with a different cell cycle stage com 
pared to p53 and therefore have diiferent functions or 
di?erent regulation of activity. these differences suggest that 
plasmids containing p53as and the antibodies for p53as have 
utility as described herein and that utility may be di?’ernt in 
in some respects from that of plasmids containing p53. 

For example, tumor cells which express different ratios of 
p53as and p53, as detected at the RNA level, or at the protein 
level by anti-p53 as antibodies may have different character 
istics or di?erent sensitivity to anti-cancer treatments. Dif 
ferent characteristics identi?able by reactivity with p53as 
antibodies could aid in the diagnosis of cancer, prognosis for 
individual patients with tumors and decisions about treat 
ment based on the competency of the p53as functions in the 
tumor. Antibodies to p53 are being used clinically in diano 

10 

12 
sis of human cancers because expression of p53 at detectable 
levels has been found to correlate with cancer prognosis for 
a variety of human tumor types. It is known that tumors with 
defective p53 genes (more than 50% of all human cancers) 
fail to control cell cycle progesssion normally. Since p53 and 
p53as have different cell cycle associations, tumor typing 
using speci?c p53as antibodies and speci?c anti-p53 anti 
bidies may increase the value of typing individual tumors 
according to their expression of tumor suppressor gene 
products such as p53. Such tumor typing may provide useful 
information in the diagnosis, prognosis, and treatment strat 
egy of individual patient cancers. 

Gene therapy strategies are being devised for introduction 
of anti-cancer genes into tumors for teatment of human 
cancers. Plasmids or vectors containing the p53as sequence 
of mouse or human may be useful for gene therapy 
approaches, based on the ability of plasmids containing 
mouse p53as to act as a tumor suppressor and to activate 
transcription of p53 target genes. 

TABLE 1 

Reactivities of Antibodies 
Against p53 Proteins 

wt wt cell frozen paraf?n 
Ab Species conform denatured mutated p53 p53as epitope IP WlB staining sectiom sections 

PAb42l“ mu/hu + + + + — 370-378 + +/— + + — 

PAb246‘ mu + — — + + 88-109 + — + + m 

PAb240'” mu/hu - + + + (-) 210-214 + + + + - 

ApAs“ mu + + m - + (364-381) + + + m m 

Mouse p53 has 390 amino acids; human p53 393 amino acids. All antibodies are mouse monoclonals commercially available 
from Oncogene Science, Cambridge MA, except ApAs rabbit polyclonal speci?c for p53as protein which was made in Dr. 
Kulesz-Martin's laboratory, RPCO. Sources: Oncogene Science Catalogue, p. 8, 1992; Vajtesek et al., J. of Immunolog. 
Methods 151:237-244, 1992, 
‘Wade-Evans, A. and Jenkins, 1. R. EMBO 1., 4:699-706, 1985, 
“Gannon, mo, 921595-1602, 1990, 
‘Stephen, C. w. and Lane, D. P., I. M01. 31.01., 52577-583, 1992 and 
‘Kulesz-Martin et aL, Mol. Cell. Biol, in press, March 1994. 

TABLE 2 

Known p53 DNA Binding Sequences. 

1. AGGCWWGCCI‘ (Seq ID No. 9) 
p53 binding seqmnce 
AGGCA'DGCCT (SEQ ID No. SyAGGCAIGCCI (SEQ ID No. 5) 
mutated sequence used for negative control (small letters indicate mrcleotide 
substitutions) 
AGGaA'I‘tCC'I‘ (SEQ ID No. 6)IAGGaATtCCT (SEQ II) No. 6) 
Ref; El-Deiry, W. S., Kern, S. E., Pietenpol, J. A., Kinzler, K. W and Vogelstein, B. (1992) Nature 
358, 83-86. 
2. 'IGGCAAGCCI‘AIGACAIGGCCGGGGCCTGCCTCTCTCIGCC'ICTGACCCT (SEQ ID No. 7) 
Ref.: Zambetti, G., Bargonetti, 1., Walker, K., Prives, C., and Levine, A. (1992) Gene & 
Development 6, 1143-1152 
3. GACACIGG'I‘CACACI‘IGGCIGC'I'I‘AGGAAT (SEQ ID No. 8) 
Ref.: Foord, 0., Navot, N., and Rotter, V. (1993) Mol. Cell. Biol. 13(3), 1378—1384 
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( K ) RELEVANT RESIDUES IN SEQ ID NO: 

Arg Glu 
10 

Lys Gly His Arg 
15 

Pro 














